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One potential harm of nonoperative management for acute appendicitis is missed appendiceal
cancer, a rare and often aggressive malignancy due to the frequency of late stage of diagnosis.
Previous studies have reported an increasing incidence of appendiceal neoplasms in the pop-
ulation. This is a retrospective case–control study of 1007 adult patients, who presented to the
University of North Carolina-Memorial Hospital (UNC-MH) between 2011 and 2015 with clinical
signs and symptoms of appendicitis. We evaluated the incidence of primary appendiceal cancer in
this population and determined factors that predict appendiceal cancer diagnosis using multi-
variate logistic regression analysis. The overall incidence of appendiceal neoplasm for adult pa-
tients presenting to UNC-MH with appendicitis from 2011 to 2015 was 2.3 per cent (23/1007). The
incidence in patients without appendiceal perforation on pathology was 1.9 per cent (16/832). Age
(odds ratio (OR) 1.03), number of days of abdominal pain (OR 1.16), self-reported fever (OR 2.08),
appendiceal width (OR 1.95), and appendiceal wall thickness (OR 1.30) were predictors of
appendiceal neoplasm diagnosis in patients that present with acute appendicitis. We recommend
that an operative approach to acute appendicitis should remain the standard of care because op-
erative management may not only be diagnostic but potentially therapeutic.
A CUTE APPENDICITIS IS a common cause of abdominalpain in pediatric and adult patients, with a lifetime
risk of 7 to 8 per cent.1 There has been a recent
movement toward nonoperative management (NOM) of
acute uncomplicated appendicitis. One major risk of
NOM is overlooking potential cases of appendiceal
cancer. Prior studies have reported an increasing in-
cidence of appendiceal neoplasms within the pop-
ulation, with most recent estimates from 2009 noting an
incidence of 0.97/100,000 people.2, 3 Most appendiceal
neoplasms are discovered incidentally after appen-
dectomy. Of the more than 280,000 appendectomies
performed in the United States each year, appendi-
ceal tumors are discovered in approximately 0.9 to
1.4 per cent.4 Approximately, 50 per cent of patients
who are diagnosed with an appendiceal tumor origi-
nally present with signs and symptoms of acute ap-
pendicitis.5 Given the recent desire for NOM of acute
uncomplicated appendicitis, we sought to determine
the incidence of primary appendiceal neoplasm in
patients presenting with signs and symptoms of acute
appendicitis.
Methods
A retrospective case–control study was completed by
reviewing all patients at the University of North Carolina-
Memorial Hospital (UNC-MH) who underwent appen-
dectomy from January 1, 2011, to December 31, 2015. This
study was approved by the UNC Institutional Review
Board. The electronic medical record was reviewed to
confirm appendectomy was performed after clinical sus-
picion of appendicitis. Only patients who were aged $18
years at the time of appendectomy were included in the
study. Variables collected included basic demographics,
clinical and laboratory findings on admission, abdominal
imagingmodalities, operative procedure and characteristics,
postoperative complications, and the histopathology report.
Statistical Methods
The distributions of the study variables of interest
were analyzed across patients with and without pri-
mary appendiceal malignancy. Dichotomized variables
for the highest white blood cell count and highest
recorded temperature were created based on the Alva-
rado score.6 The incidence of primary appendiceal ma-
lignancy among patients with clinical signs appendicitis
was calculated over time. Crude logistic regression
analysis using a joint effects model was completed to
evaluate factors associated with appendiceal malignancy.
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The likelihood ratio test was used to compare the fully
adjusted and partially reduced models. Using multivariate
logistic regression, the predicted values and 95 per cent
confidence intervals (CIs) were calculated for the associ-
ation between appendiceal wall thickness and appendiceal
width with primary appendiceal malignancy. These values
were used to determine a cutoff point at which appendiceal
wall thickness and appendiceal width would predict
primary appendiceal malignancy. Finally, a subgroup
analysis of patients with uncomplicated appendicitis was
completed to determine the incidence of primary appendiceal
malignancy. All calculations and statistical analysis were
performed in Stata Version 15 (Stata Statistical Software:
Release 15. StataCorp LLC, College Station, TX).
Results
From 2011 to 2015 at UNC-MH, 1647 patients un-
derwent appendectomy for any reason. After exclusion
criteria, 1007 patients who underwent appendectomy for
acute appendicitis were analyzed. Of these, 984 had no
appendiceal malignancy on pathology, whereas 23 patients
were diagnosed with primary appendiceal malignancy.
The incidence of primary appendiceal malignancy in
adult patients who presented with signs and symptoms
of acute appendicitis was 2.8 per cent (6/213) in 2011,
0.9 per cent (2/209) in 2012, 3 per cent (6/199) in 2013,
2.4 per cent (4/170) in 2014, and 2.3 per cent (5/216) in
2015. The overall incidence of primary appendiceal
malignancy was 2.3 per cent (23/1007) over five years.
Of the patients diagnosed with primary appendiceal
malignancy, neuroendocrine tumor (NET) was the most
common type, followed by mixed adenoneuroendocrine
carcinoma (MANEC) (Fig. 1).
Patient age and clinical symptoms of abdominal pain
and fever were associated with an increased risk of pri-
mary appendiceal malignancy. For each one-year in-
crease in age, there is a 1.03 increased odds (95% CI:
1.01, 1.06) of being diagnosed with primary appendiceal
malignancy. For each extra day that has a patient reports
abdominal pain on admission to the emergency de-
partment, there is a 1.16 increased odds (95% CI: 1.02,
1.32) of being diagnosed with primary appendiceal ma-
lignancy. Patients who self-reported a fever at home had
a 2.08 increased odds (95% CI: 0.75, 5.73) of being di-
agnosed with primary appendiceal malignancy.
The size of the appendix on pathology was also cor-
related with an increased risk of primary appendiceal
malignancy. For each 1-cm increase in appendiceal width
on pathology there was a 1.95 increased odds (95% CI:
1.16, 3.26) of being diagnosed with primary appendiceal
malignancy. Appendiceal wall thickness was also corre-
lated with malignancy. For each 1-mm increase in wall
thickness there is a 1.30 increased odds (95% CI: 1, 1.69)
of being diagnosed with primary appendiceal malignancy.
Using multivariate logistic predictive modeling, we
found that patients with an appendiceal wall thickness
of 13.05mm unadjusted, or 19.64mm adjusted for other
covariates, have a 50 per cent probability of being di-
agnosed with primary appendiceal malignancy on pa-
thology. Those with an appendiceal width of 6.25 cm
unadjusted, or 7.75 cm adjusted for other covariates,
also have a 50 per cent probability of being diagnosed
with primary appendiceal malignancy.
Because NOM has been primarily recommended for
adult patients with uncomplicated (nonperforated)
acute appendicitis, we completed a subgroup analysis








FIG. 1. Primary appendiceal malignancy type by pathology.
on pathology. Of the 832 patients who did not have
perforation, 16 (1.9%) did have primary appendiceal
malignancy. Although this is less than the 2.3 per cent
incidence of primary appendiceal malignancy among all
patients who present with acute appendicitis, this still
represents a significant risk if a NOM strategy is
pursued.
Discussion
As management of acute appendicitis begins to shift
away from operative intervention, understanding the
potential harms of NOM is critical. We determined the
incidence of primary appendiceal malignancy among
adult patients presenting with acute appendicitis to be
2.3 per cent over five years. The incidence of patients
with uncomplicated (nonperforated) acute appendi-
citis, who were diagnosed with primary appendiceal
malignancy, was 1.9 per cent over five years. The de-
cision to pursue NOM in these patients may lead to
significant harm, as appendiceal cancer is most often
diagnosed on surgical pathology instead of imaging or
clinical presentation. Given the aggressive nature of
some appendiceal malignancies, the increase of NOM
for treatment of acute appendicitis could lead to a later
stage of diagnosis for appendiceal malignancy, and,
thus increasing morbidity and mortality of appendiceal
neoplasms.
The association of appendiceal diameter and wall
thickness with eventual diagnosis of primary appendi-
ceal malignancy suggests that we may be able to predict
the likelihood of primary appendiceal malignancy based
on the size of the appendix. Our predictive modeling
demonstrates that patients with an appendix width of
6.25 cm or an appendiceal wall thickness of 13.05 mm
have a 50 per cent probability of being diagnosed with
primary appendiceal malignancy. We recognize that
these dimensions are quite large for most patients pre-
senting with appendicitis, likely due to the limited
number of patients in our dataset (n 4 23). Thus, a
larger database of patients with primary appendiceal
malignancy could be beneficial in allowing us to better
understand the true association of appendiceal size and
probability of primary appendiceal malignancy.
Our results, however, do show a correlation between
appendiceal size and diagnosis of primary appendiceal
malignancy. For example, patients with an appendiceal
wall thickness of 4 mm have a 3.2 per cent probability
of being diagnosed with appendiceal malignancy based
on this imaging information alone. This can better
inform risk assessment and surgical decision-making
regarding appendiceal cancers in patients presenting
with acute appendicitis.
One limitation of our study is that we only included
patients aged 18 years or older. The use of NOM for
pediatric patients with acute appendicitis may not bear
the same potential risk for appendiceal malignancy as
within the adult population. A key strength of our
study is its large sample size (n4 1007) and inclusion
of cases over a five-year period of time. Furthermore,
the hospital at which the study was conducted (UNC-
MH) is one of the largest hospitals in the state and
serves patients from all counties and several neigh-
boring states. Further studies are needed to corroborate
these results, especially in health-care centers across
the country.
Conclusions
This study is the first in which the primary outcome
was to determine the incidence of primary appendiceal
malignancy within a cohort of adult patients presenting
with signs and symptoms of acute appendicitis. Our
results demonstrate the incidence of primary appen-
diceal malignancy among patients presenting with
signs and symptoms of acute appendicitis is approxi-
mately 2.3 per cent over five years. If a NOM strategy
is pursued, the risk of delayed diagnosis with increased
morbidity may be prohibitive. Operative management
of acute appendicitis is not only diagnostic, but also
potentially therapeutic for appendiceal cancers.
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